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THE study of cystinuria was directed into an entirely fresh channel 
by the researches of Udrenszlry and BauIuann,l published in 1888 
and 1889. These observers were able to demonstrate the pre- 
sence of cadaverin (penta-methylene-diamine) and putiescin (tetra- 
methylene-diamine) in both the urine and faxes of a cystinuric 
individual. 

The observations, which extended over more than a year, were 
carried out during four separate periods of from eight to eighteen 
days, aud the rjeparation of the diarnines was eflected by converting 
them into benzoyl compounds. From the urine of twenty-four hours 
quantities of the mixed benzoyl-diamines were obtained, varying from 
0.2 to 0.4 grm. Of the mixed products about a quarter or one-third 
usually consisted of benzoyl-putrescin, the remainder being benzoyl- 
cadaverin. On some days, however, when the total yield was com- 
paratively small, benzoyl-putrescin preponderated. 

At  a later time the diarnines were almost absent from the urine 
on eight successive days, bu t  the excretion of eystin continued, 
although i u  somewhat diminished amount. 

From the fieces the same diamines were obtained, even the urine 
when they were practically absent from the urine. Larger yields 
were got from the fzces than from the urine, but the relative 
quantities of the two diamines were reversed, benzoyl-cadaverin con- 
stituting, as a rule, not more than 10  to 15  per cent. of the total 
quantity of the benzoyl compounds obtained. 

had the same patient under observation, 
piitrescin was alone present in the urine, but in 1897, as we learn 
from a statement of Baumann's, quoted by Pfeiffer, both diamines 
were obtained from both urine and fzcea, as a t  the first. 

An iiitimate relationship between the excretion of diamines and 
cystinuria, which was strongly suggested by these results, was 
apparently established, beyond all doubt, by some observations of 

In 1893, when Garcia 
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Ibid., 1893, Bd. xvii. S. 577. 



338 P. 1. CAMMIDGE AND ARCHIBALD E. GARROD. 

Stadthagen and Brieger,' published in 1889. These observers 
examined specimens of urine from two cystinuric patients, and from 
both specimens succeeded in extracting cadaverin, both in the form of 
picrate and as the benzoyl compound. The faxes of one patient were 
also examined, but with a negative result. 

The next observations bearing upon this subject were carried out by 
Bodtker2 in Christiania, in 1892. During the first two months of 
the period in which the cystinuric patient was under observation, 
Bijdtker succeeded in obtaining from the urine, by the process of 
Udranszky and Banmann, benzoyl compounds, which were shown, by 
their melting points and by analyses, to be those of putrescin and 
cadaverin, but the yield was small. Five specimens of faeces which 
were examined yielded no diamines. After the first two months the 
diamiiies could no longer be found in the urine, although the excretion 
of cystin continued as long as the patient remained under observation. 

I n  1897 E. Pfeiffer described a cystinuric family. A specimen 
of urine from one of its members, and also a specimen of fmes, were 
sent to Prof. Baumann, who failed to detect any diamine in either. 
At  the same time he called attention to the possibility of overlooking 
traces of diamines when the benzoyl process, as originally described, is 
employed for their detection. 

Quite recently J. Cohn has described a remarkable cystinuric 
family, in which the mother and six of her children share the 
peculiarity. The examinations for diamines were carried out in 
Salkowski's laboratory, and in some instances by Professor Salkowski 
himself. 

Several specimens of the urine of the original patient, a boy ret. 
7 years, and the collected fmes of several days were examined, for 
the most part by the benzoyl process ; and also specimens of the 
urine of twin-brothers of the patient, and small quantities of the urine 
of three other members of the family mixed together. I n  all, eight 
examinations were carried out, but no diamine was obtained from any 
specimen. 

There is every reason to believe that the excretion of diamines is 
of very exceptional occurrence. Udranszky, Baumann, Brieger, and 
Stadthagen have examined many normal urines and morbid specimens 
from patients suffering from various diseases of bacterial origin, but 
always with negative results ; and it is specially noteworthy, in view 
of the frequent asskiation of cystitis with cystinuria, that no diamines 
have been found in the urine of other patients suffering from cystitis. 

Indeed, the only other observations with which we are acquainted 
in which diamine has been found in the urine are those of William 

Bed. klin. Wchmchr., 1889, Bd. xxvi. S. 344. 
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Hunter,’ who was able to extract from the urine of a patient with 
pernicious anEmia small quantities of putrescin and probably traces 
of cadaverin also. 

Boos2 isolated cadaverin from the stools in a case of dysentery, 
and putrescin from those of a patient with cholera nostrm, but in these 
cases the urine was not examined. 

Seeing that putrescin and cadaverin are recognised products of 
bacterial activity, i t  seems probable that when excreted they are 
formed as the result of bacterial action in the intestine, and are thence 
absorbed, either wholly or in part, and excreted in the urine. As 
there appears to be a direct connection between the excretion of 
dianiines and cystinuria., Baumann and others were inclined to attri- 
bute an indirect bacterial origin to the cystinuria itself. There are, 
however, good reasons for believing that cystin is an intermediate 
product of normal metabolism, and that under ordinary conditions it 
is broken up and excreted in the form of simpler compounds; and, 
on the other hand, there is no evidence that cystin is formed in the 
intestine. We must, therefore, suppose that, if this view be correct, 
under the influence of the diamines, or of the process which leads to 
their formation, the cystin is preserved from destruction by entering 
into stable combinations, or in some other m y .  However, Udranszky 
2nd Haumann failed to produce cystinuria in dogs by the administra- 
tion of diamines, and neither internal antiseptics, such as salol, nor 
washing out the bowels of their cystinuric patient, had any appreciable 
influence upon the excretion of dianiines or of cystin. 

On the other hand, Garcia4 found that the inoculation of an 
infusion of horse-flesh and pancreas with the fiwes of Raumann’s 
patient conspicuously increased the yield of dianiines after four days’ 
incubation, whereas, in a single instance in which normal fittces were 
added instead, no diamine was found. 

For the present, a t  any rate, we are without any satisfactory 
explanation of the association, which apparently exists, between the 
excretion of diamine and cystinuria, and the negative results of the 
inore recent observations would seem to suggest that the connection is 
less intimate than has been supposed. It is evident that the case 
observed by Gdranszky and Banmann was exceptional in the constancy 
and amonnt of the diamines present in the urine and especially in the 
faxes, and it has been clearly shown that the excretion of cystin may 
continue when no diamine.can be detected either in urine or faxes. 

We have recently had the opportunity of making a series of 
observations on a case of cystinuria. The patient, a man zt. 2 2  years, 
was in St. Bartholomew’s Hospital, under the care of Mr. Willett, to 

Tram. Afed. Soc. Loud., 1890, rol. xiii. p. 386. 
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whom we take this opportunity of tendering our best thanks for allow- 
ing US to  carry out the investigation, and  for his kindness in affording 
us every facility for doing so. 

The urine of the patient was of a pale yellow colour, neutral or alkaline ill 
reaction, and occasionally smelt of sulphuretted hydrogen. Under the micro- 
scope numerous characteristic crystals of cystin were seen, and varying aniounts 
of pus cells and triple phosphate crystals. On two days only no cystin was 
seen on simple microscopic examination, but the addition of acetic acid quickly 
caused a copious precipitation of typical hexagonal plates. 

The total daily excretion of urine varied between 320 and 1800 c.c., the 
average being 750 C.C. during a first stay in hospital, and 1100 C.C. during the 
second period. 

On twenty- 
seven the benzoyl process of Udranszky and Bauinann was alone eniployed ; 
twice, different portions of the urine were examined by the above method antl 
by that of Stadthagen and Brieger, which yields the diamines in the form of 
insoluble picrates. 

The examinations were carried out during two periods ; the first, of twelve 
days, extended from 21st February to 4th March 1899 ; the second, of twenty- 
nine days, from 11th April to 9th May 1899. During the first period six 
exaniinations were made, and on the first five occasions no dianiine was found. 
At  the sixth examination, however (of the urine of 4th March), a product was 
obtained, by the process of Udranszky and Haumann, which was thrown 
down in the form of colourless crystals on pouring the alcoholic solution into a 
large bulk of water, and was apparently the benzoyl compound of a diamine. 

During the first twenty-four days of the second period we were again 
unsuccessful in finding diamines, but froin the mixed urine of 7th and 8th 
May we obtained, by the same process, a further yield of a similar crystalline 
product. 

The urine was usually collected tluring twenty-four hours and examined a t  
once, but on two occasions i t  was allowed to stand exposed to the air for a 
period of from one to three days. In neither of the specimens so treated was 
any dianiine found. On four occasions the total urine of forty-eight hours was 
collected, and it was from the last of these two-day specimens that our second 
yield of benzoyl-diamine was obtained. 

The collected faeces of twenty-four hours were examined on six occasions by 
the process employed by Udranszky and Uaumann. The first two examination?: 
yielded no results, but from the third specimen, that of 13th April, a very 
scanty crystalline product was obtained. From three other specimens subse- 
quently examined no diamine was obtained. 

It is interesting to note that on 4th March, the first day on which diamine 
was septrated from the urine, nothing was obtained from the faxes, and our 
only yield froiii the fsces was obtained in the midst of a long period, during 
which the urine yielded no ciiamine in spite of careful daily examinations. 

The benzoyl products were separately purified by repeated solution in 
alcohol, filtration, and reprecipitation in large excess of water. Finally, they 
were dried, weighed, and examined. 

1. The specimen from the urine of 4th March weighed 0,1461 grin. It 
was crystalline, and consisted of needles and plates. 

The melting point was found to be 129" to 130" C.,  which is that of 
benzoyl-penta-niethylene-diamine (cadaverin). 

I t  wcas readily soluble in alcohol and in strong sulphuric acid, antl almost 
insoluble in ether, and in these respects also it resembled benzoyl-cadaverin- 
0.1302 grin. of the substance yielded 10.55 C.C. nitrogen at 20' C., and 754 
inm. pressure = 9.19 per cent. The calculated percentage of nitrogen in 
benzoyl-cadaverin is 9.03. 

The urine was examined for diamines on thirty occasions. 

On one occasion the latter method was alone employed. 
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These results, taken in conjunction with the fact that the substance was 
precipitated like a benzoyl-dianiine when Udranszky and Bauniann's process 
was applied to the urine, left practically no doubt that we were here dealing 
with benzoyl-cadaverin. 

2. The second urinary product, which was obtained from the urine of 7th 
and 8th May, weighed 0.2136 grni. 

Like the first specimen it melted a t  129" to 130" C., and both in its 
crystalline characters and in its solubilities it resembled benzoyl-penta-methy- 
Iene diamine, which we prepared from a specimen of the free base obtained 
from Dr. Schuchart of Gorlitz. 

An attempt to prepare the picrate and pIatino-chIoride from a portion of 
this product was, unfortunately, not successful. An alcoholic solution was 
treated with an equal bulk of strong hydrochloric acid upon a water-bath for 
more than forty-eight hours, in the hope of decomposing the benzoyl com- 
pound, but we were not very sanguine of obtaining a good result with so small 
a quantity of material m was available, especially as benzoyl-cadaverin is much 
less readily broken up than the corresponding putrescin cornpound. 

We do not attach any importance to this failure, because a contrd 
specimen of known benzoyl-cadaverin, similar in quantity, which was treated 
side by side with the above, yielded no better result. 

Under the micro- 
scope it consisted of very short acicular crystals and some striated plates. 
It was less soluble in cold alcohol, and was more rapidly precipitated than the 
urinary products, when the alcoholic solution was added to a large bulk of 
water. It melted at 174" to 176" C., which is the melting point of benzoyl- 
tetra-mcthylene-diamine (putrescin), and in all its characters, as far as they 
were investigated, it agreed with the descriptions of that compound. 

By prolonged treatment with hydrochloric acid, upon the water-bath, the 
contained dianiine w'as obtained in the forin of chloride, and from this a 
niinute quantity of a yellow, crystalline picrate, insoluble in water, was prepared, 
which began to darken in colour at about 220" C., and became completely 
black, without melting, when the temperature was raised to 250" C. However, 
the crystals were prismatic rather than acicular. We also prepared a crystalline 
platino-chloride, insoluble in alcohol. 

It was unfortunate that the quantity of benzoyl compound extracted was 
too small to admit of a nitrogen determination, but the characters above 
described render it highly probable that this faecal product consisted of 
benzoy I-putrescin. 

The percentage and total daily excretion of urea and of uric acid was 
repeatedly determined, and on two occasions the total sulphate excretion and 
the proportion of aromatic suIphates were estimated. 

The 
total for twenty-four hours was usually about 25 grms. The uric acid 
excretion was also low, being usually nbout 0.02 per cent., with a daily total 
of 0.22 grm. 

On 18th April the total sulphate amounted to 3.4 grms. in the twenty-four 
hours, and on 9th May to 2.44 grms., i.e. was about normal. The relation of 
aromatic to uncombined sulphates was, however, disturbed, the aromatic 
sulphnte being unusually high On 18th April the relation was 1 : 4, and on 
9th May 1 : 8. The higher proportion was observed while the patient was 
lying in bed, on a Inill; diet, four days after the removal of a small impacted 
cystin calculus from the urethra by external urethrotomy. 

On 6th and 9th May the urine was examined for leucine and tyrosine by the 
ordinary method, but with negative results. Tyrosine was present in a case of 
cystinuria, investigated by Piccini and Conti ; 1 and Moreigne 2 has recently 

Sprimentalc, Florence, 1891, torno xlv. p. 350. 
Arch. de ma. cxpdr. e1 d'anal. path., Paris, 1899, tome xi. p. 254. 

3. The single frecal specimen weighed only 0.033 grm. 

The percentage of urea was somewhat low, averaging 1.7 per cent. 
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described the presence of both leucine and tyrosine in the urine in a similar 
case. 

Moreigne also describes a new method for the detection of tyrosine, 
especially in the presence of cystin. He places some of the sediment, or 
scrapings from a cystin calculus, upon a slide, and under a cover-glass runs 
in some strong hydrochloric acid, when the cystin crystals are dissolved and 
disappear, whereas the needles of tyrosine stand out conspicuously. On 
repeating Moreigne's experiment with the sediment in our case, or with 
scrapings from the calculus, when the strong hydrochloric acid came in contact 
with the crystals, a beautiful development of tufted acicular crystals was 
observed, which somewhat resembled those of tyrosine in appearance. If now 
some water wiis allowed to run under the cover-glass the newly formed needles 
rapidly dissolved. 

We found that cystin crystals, purified by repeated recrystallisation, from 
ammoniacal solution, yielded a precisely similar result, and we are inclined to 
regarc1 the ncicular tufts as consisting of the crystalline compound of cystin 
with hydrochloric acid. 

Both L)r. Klein and Dr. Drysdale were good enough to make bacterio- 
logical examinations of the stools of the pztient, but no unusual micro- 
organisms were found. 

Dr. Drysdale kindly made broth cultures from the freces and from indi- 
vidual micro - organisms isolated by means of plate cultures. These we 
examined, after various periods of incubation, by treating them with a 10 
per cent. solution of sodium hydrate and a suitable proportion of benzoyl 
chloride, but in no instance did we succeed in obtaining any yield of benzoyl- 
diamine from the cultures. 

We have also examined some other morbid urines, from cases of 
puerperal eclampsia, chronic diarrhma, diabetes, Addison's disease, and 
gout, but have failed to detect diamines in any specimen. I n  some 
cases several examinations were made, but in no instance did the 
observations extend over any long period. 

On submitting to the benzoyl process the urine of a child with 
alkaptonuria, whose case has recently been described by one of US, we 
obtained a remarkable result. By treating with hot alcohol, the pre- 
cipitate which was formed, and pouring the extract into a large excess 
of water, an abundant white precipitate was a t  once thrown down, 
which could, like a benzoyl-diamine, be purified by repeated precipitation 
from solution in alcohol. From hot water i t  came down in the form of 
acicular crystals, which melted a t  196" to 198" C. 

The nature of this product remains to be investigated, but we may 
mention that, although no such substance was formed when a solution 
of homogentisinic acid, extracted from the same urine, was treated with 
sodium-hydrate and benzoyl-chloride, it was obtained from a specimen 
of urine to which a solution of homogentisinic acid had been added. It 
would thus seem that a third factor present in urine iR concerned in its 
production, a view which is confirmed by the fact that the product con- 
tains a small percentage of nitrogen. 

The alkapton urine yielded no dianiine by the process of Stadt- 
hagen and Brieger. 

We venture to think that the observations above recorded are not 
without interest, for the following reasons :- 
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1. We are able to add a fresh case of cystinuria to the number of 
those (four in all) in which diamines have been extracted from the urine 
and faxes, and it will have been observed that the only previous case of 
cystinuria in which they have been detected in the solid excreta is that 
of Udranszky and Baumann. 

2. The extremely intermittent character of the diamine excretion 
is worthy of note, and the fact that for no less than twenty-three succes- 
sive days we failed to obtain any diamine from the urine, shows that 
the presence of these bases can only be excluded after prolonged and 
tedious investigation. 

3. The presence of cadaverin in the urine, and of what was, in all 
probability, putrescin in the faxes, is interesting in connection with the 
observations of Udranszky and Baumsnn (who found more cadaverin 
than putrescin in the urine, and an excess of the latter diamine in the 
faxes in their case), and those of Stadthagen and Rrieger, who found 
cadaverin alone in the urine of two cystinuric patients. 

4. Seeing that in a case of cystinuria, diamines may only be detected 
in  the urine and fmes a t  long intervals, it seems possible that systematic 
examinations of the excreta over considerable periods may lead to their 
more frequent detection in other conditions. 

NOTE.-Since the above was written, C. E. Simon (Am. Joum. Med. 
Xc., Yhila., 1900,  vol. cxix. p. 39) has recorded a case of cystinuria, in 
which he constantly found cadaverin in the urine, and extracted the 
same diamine from the fieces. He  suggests that the failure to detect 
diamines in some such cases may have been due to the fact that, a t  
the first precipitation from alcohol by excess of water, the benzoyl- 
compound does not always separate in a crystalline form. 

We do not think that our failure to detect diamines in the urine 
on so many days can be ascribed to this cause, for, after standing, the 
milky liquid was almost always filtered, and the process was repeated, 
usually more than once. 




